It is well known that many first year undergraduate university students struggle with learning to program. Educational Data Mining (EDM) applies machine learning and statistics to information generated from educational settings. In this PhD project, EDM is used to study first semester novice programmers, using data collected from students as they work on computers to complete their normal weekly laboratory exercises. Analysis of the generated snapshots has shown the potential for early identification of students who later struggle in the course. The aim of this study is to propose a method for early identification of "at risk" students while providing suggestions on how they can improve their coding style. This PhD project is within its final year.
CONTEXT AND MOTIVATION
http://dx.doi.org/10.1145/2960310.2960339Every year, tens of thousands of students fail introductory programming courses world-wide. As a consequence, studies are retaken or postponed, careers are reconsidered, and substantial capital is invested into student counseling and support. World-wide, on average one third of students fail their introductory programming course. Even when looking at statistics describing pass rates after teaching interventions, as many as one quarter of the students still fail the courses. Thus, automated early identification of students' performance within the course is important. The output of this PhD study will not only contribute to shaping assessment/automated tutoring systems, but also help improve our understanding of the ways novices develop their coding patterns and suggest changes to the pedagogy of introductory programming courses.
BACKGROUND & RELATED WORK
In "Methods and Tools for Exploring Novice Compiling Behavior", Jadud presented a method to quantify a student's tendency to create and fix errors, which he called the error quotient [1] . In his study, the correlation between the error quotient and the average score from programming assignments was mediocre but statistically significant (r = 0.36; p = 0.012), while the correlation between the error quotient and the grade from a course exam was high (r = 0.52; p = 0.0002). Rodrigo et al. used an alternative version of Jadud's error quotient, and found that in their context the correlation between the error quotient and the midterm score of an introductory programming course was strong and statistically significant (r = -0.54; p < 0.001) [2] . In essence, this suggests that the fewer programming errors students make, and the higher the midterm grade.
Watson et al. also conducted a study using Jadud's error quotient, and found a significant correlation between the error quotient and their programming course scores (r = 0.44) [3] . They proposed that the amount of time that students spend on programming assignments should be taken into account, and that one should consider the files that a student is editing as a part of the error quotient calculation. They proposed an improvement to the error quotient called Watwin, and found that with this improvement the correlation increased from (r = 0.44) to (r = 0.51). They also noted that a simple measure, the average amount of time that a student spends on a programming error, is strongly correlated with programming course scores (r = -0.53; p < 0.01).
STATEMENT OF THESIS/PROBLEM
The current formulation of this PhD study's research question is as follows:
What, if there is any, would be an environmental independent common attribute of the data collected from novices in different programming languages which could automatically classify students according to their ability of coding?
The research goals are as follows:
Data Collection: data used in this study is collected from source code snapshots generated by novices enrolled in an introductory programming courses at a) University of Helsinki, Finland. b) University of Technology, Sydney, and c) snapshots generated by novices enrolled in an database fundamental course at University of Technology, Sydney. The collected programming snapshots represent line-edit level [4] snapshots of the students' main source code while working on a programming task, while the database SQL SELECT statements represent different attempts of novices in writing SQL code.
Replication: analyzing the collected data in an unsupervised machine learning framework to assess the state of the art techniques described above. The collected source code snapshots will be used to identify possible clusters of novices according to different features extracted from their source codes.
Permission to make digital or hard copies of part or all of this work for personal or classroom use is granted without fee provided that copies are not made or distributed for profit or commercial advantage and that copies bear this notice and the full citation on the first page. Copyrights for third-party components of this work must be honored. For all other uses, contact the Owner/Author. Copyright is held by the owner/author(s). Proposition and Comparison: analyzing the collected data in order to compare the performance of new methods proposed as a part of this PhD with the state of the art methods. Based on the output of different machine learning tools, a set of contextindependent features extracted from the data as well as a systematic approach for analyzing them will be proposed.
PROGRAM CONTEXT
Accomplishing the final output of this research project involves fulfilling the objectives of three main phases. The first phase is dedicated to analysis of snapshot data in different contexts [5] - [9] to understand the data and find possible links to what previously has been reported [10] - [16] . The second phase is devoted to designing machine learning derived techniques for snapshot data analysis [6] . The third and last phase of the project is dedicated to performing the comparative analysis of the proposed techniques of analyzing snapshot data with the state of the are techniques in a large scale on different datasets.
DISSERTATION STATUS
This PhD project is within a year of completion. The data collection has been completed successfully and some preliminary results have been generated based on an original hypothesis. Replication and comparison stages are almost completed. Based on findings so far, there is a significant and strong negative correlation between the number of steps a novice takes to complete a coding task successfully and her overall performance in the programing subject.
